We review of conventional generalized loopy belief propagation based on cluster variation method. Some interpretations and extensions of the adaptive TAP method are given by using the cluster variation method. Conventional formalisms and extensions of the quantum belief propagation are also summarized.
IW-SMI2008 4 Belief Propagation
Belief Propagation (BP) has been proposed in order to achieve probabilistic inference systems (Pearl, 1988) . It has been suggested that BP has a closed relationship to mean field methods in the statistical mechanics (Kabashima and Saad 1998). Generalizations of the BP have been proposed based on the cluster variation method which is one of the advanced mean field methods in the statistical mechanics (Yedidia, Freeman and Weiss, 2000). 
In the case of J=0 for all the edges ij 
In the cluster variation method, the free energy is approximately expressed in terms of the free energies of all the edges and nodes.
Conventional Loopy Belief Propagation
Lagrange Multipliers to ensure the constraints Marginal probabilities of edges and nodes are determined so as to minimize the Bethe free energy under some constraint conditions.
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Conventional Loopy Belief Propagation
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Gaussian graphical model
Averages, variances and covariances are exactly calculated by using multidimensional Gaussian integral formulas.
Tractable Probabilistic Model
( )
For the given probability distribution P(x), we introduce the Gaussian graphical model so as to satisfy the following relations:
should be determined by using the cluster variation method.
Marginal Probability

Interpretation of Adaptive TAP
Adaptive TAP Free energy can be given in terms of the free energies of the Gaussian graphical model and of all the nodes in the present binary spin system as follows: 
In the similar arguments, we can construct the following approximate free energy:
Extension of Adaptive TAP
Approximate forms of marginal probabilities are derived by considering the following Lagrange multipliers for the constraint conditions. 
Summary
We reviewed the conventional loopy belief propagation based on cluster variation method. Some interpretations and extensions of the adaptive TAP method have been given by using the cluster variation method. Conventional formalisms and extensions of the quantum belief propagation have been also summarized.
